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ABSTRACT

Two prototype air cushion vehicle (ACV) amphibious assault landing craft
(AALC) designated the JEFF(A) and JEFF(B) are being respectively developed by
Aeroject General Corporation, Tacoma, Washington, and Bell Aerospace Company,
New Orleans, Louisizna. Each craft weighs approximately 170 tons, fully loaded,
and is supported on a cushicn of air contained by a flexible skirt system which
circumscribes the lower outer perimeter of the craft. The JEFF/AALC craft are
able to operate at high speeds over both water and land and will serve to deliver
personnel. equipment, cnd supplies from an offshore amphibious assault ship to a
shore landing area.

Decking impact can occur when a JEFF craft enters the well deck of an
amphibious assault ship such as the LPD (amphibious transport, dock) or LSD
(landing ship, dock). The impacts that can occur during docking are potentially
dangerous because of the lightweight construction of the JEFF. Accordingly, the
rigid body motions of the craft were investigated for an assumed set of docking
cases, and energy-absorbing capabilities and characteristics were calculated for the
pressurized skirt system, the protective bumpers, and the hard structure of both
configurations of the experimental prototype craft. The present report analyzes
vuinerability to docking collision, recommends modifications to the proposed
bumper protection system, and makes suggestions concerning operational methods
of docking to reduce collision hazards.

ADMINISTRATIVE INFORMATION

The study was sponsored by the Advanced Technology Systems Division of the Naval Sea
Systems Command (NAVSEA Code 032) and administered by the Amphibious Assault Landing
Craft Program Office (Code 118) at t' Naval Ship Research and Development Center
(NSRDC). Funding was provided unde. Program Element 63566N, Project S1417. Task Area
S1417 (Amphibious Assault Landing Craft Program Shipboard and Beach Handling), Work
Unit 1-1180-007.

INTRODUCTION

The objective of the Amphibious Assault Landing Craft (AALC) Program! .s to define,
develop, demonstrate, and document an advanced landing craft system which will substantially

l“'I‘est Trials and Training Master Plan or Advanced Development Objective 14-17 X of February 1968, Amphibious
Assault Landing Craft Program, Project S14-17 (31 Mar 1974). A complete listing of reterences 15 given on page 129,




improve both operational flexibility and the cost effectiveness of ship-to-shore movement of
personnel and material. Particular emphasis is placed on providing the Fleet with the capa-
bility to launch amphibious assault operations from over-the-horizon. The developmental
prototype JEFF craft, Figure 1, will be used to fully assess the feasibility of applying air
cushion vehicle (ACV) technology to high-performance landing craft configurations capable of
meeting the requirements of the 1980 time frame and beyond.

The JEFF craft being developed under this advanced development program are full-scale
(approximately 90 ft long, 48-ft beam) developmental protoype, 170-ton amphibious vehicles,
Their designation as ACV’s indicates that these craft are supported on a cushion of pressurized
air, contained by a flexible skirt system. The low drag of the ACV enables the attainment of
higher speeds than possible for a conventional displacement craft.

The structural design of the JEFF is necessarily lightweight; it resembles aircraft
structural practice more than conveational ship design in order to minimize lift system power
requirements. Table 1 presents the p-incipal characteristics of the JEFF craft.

The JEFF craft are designed to be carried in the well deck of an amphibious assault ship
such ac a landing ship, dock (LSD) or amphibious transport, dock {(LPD), Figure 2, and to
operate between the ship and the landing aica, carrying personnel, equipment, and supplies
ashore.

In performance of its mission, the JEFF must repeatedly rendezvous with the LPD/LSD
or other supply ship, 1t will enter the well deck or come alongside to reload, then leave the
well deck and return to shore. The most critical stage of this process is docking within the
well deck of the LPD/LSD. The on-cushion beam of the landing craft is marginally smaller
than the well deck opening, and the relative motion between the JEFF craft and the LPD/LSD
may be significant. These motions and the small clearances involved make it inevitable that
the JEFF will contact the sidewalls of the well deck.

Although the impact velocity of contact during docking is expected to be small, the
lightweight nature of the structure and the high craft mass combine to create a situation of
moderately high impact energy anc low impact resistance forces, This combination requires
significant crush deflections to absorb the impact energy. Figure 3 illustrates the energy
associated with the loaded JEFF at different velocities. Figure 4 shows the crush deflections
required to absorb the impact energies assuming a constant crush forze.2

The JEFF are protected against impact damage by bumpers located at the four corners
of the craft and by the pressurized flexible skirt system. Additional protection is provided by

2Gilber‘., W.F., “Emperical Design of Peripheral Collision Protectus: Structure for the Arctic Surface Effect Vehicle,”
NSRDC Report 4232 (Dec 1973).
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Engines .
Installed Power, Total

6 AVCO Lycoming TF-40
16,800 SHP

. TABLE 1 - PRINCIPAL CHARACTERISTICS OF THE JEFF CRAFT

= JEFF (A) JEFF (B)
& Length, Hard Structure 93 Ft,0in, 80 Ft.,0ln.
’% Length, Overall {On Cushion) 96 Ft., 0 In. 87 Ft., 7 In.
gé Beam, Hard Structure 44 F1., 0 in. 43 Ft,01In,
% Beam, Overal! (On Cushton) 48 Ft., O In. 47 Ft., 0 In.
g Heght, G » Cushion 23F1, 0 23 Ft., 6 1n.
§ Height, Off Cushion 19 Ft.,0In. 19 F1., 0 In,
% Weight, Design Gross 340,000 Lb. 325,000 Lb.
= ® Light Craft (Crew, Stores) 180,000 Lb. 166,200 Lb.
= ® Fuel 40,000 Lb. 38,800 Lb
g ® Design Payload 120,000 Lb. 120,000 Lb
%‘5 ® Design Overioad Payload 150,000 Lb 150,000 Lb,
=

= Width, Forward Ramp 20 Ft, 0 In. 26 Ft.41n
7 Width, Aft Ramp 27 Ft, 4 1n. 14 Fr, 6 In.
%g, Area, Cargo Deck 2,100 Sq. Ft. 1,740 Sq. F1.
% Dratt, Otf Cushion {Design Wt.) 2Ft, 101, 3F.41n.
=

6 AVCO Lycoming TF-40
16,800 SHP

Propulsors

4 Reversible

Pitch Shrouded
Propeliers of 89.5 In
Diameter

2 Shrouded Reversible Pitch
Propellers of 141 In, Diameter,
2 Bow Thrusters

(From Lift Fans)

Lift Fans

8 Single Centrifugal Fans
of 48 In. Diameter,
1.600 CF3 Per Unit

at 170 PSF

4 Double Centrifugal Fans
of 60 In. Diameter,

4,750 CFS Per Unnt

at 170 PSF

Control System

4 Rotatable Propulsors,
Aruficial Feel, Fly-By-
Wire Control, Yaw

Rate Feedback Auto Pilot

2 Rotatable Bow
Thrusters, 2 Aerodynamic
Rudders, Artificial Feel,
Fly-By-Wire Controls

Skirt System

Looped Pericell,
5 F1. High

Bag/Finger with
Swability Trunks, 5 Ft. High

Structure

Welded 5086 Atuminum
Corrugated Sheet,
GRP Crew Cabin Housing

Welded 5086 Aluminum
*Hat’”’ Stiffened Sheet,
Balsa Core Superstructure
Decking, Riveted 6061-T6
Truss Core Cargo Deck

Design Performance with 120,000 Payload on 100°F Day

Sea State 2 and
Speed (25 Knot Headwind ) - 50 Knots 50 Knots

Sea State 2 and ) . .
Range

g (25 Knot Headwind 200 N. Miles 200 N. Mites
Surf Capability 8 Ft. Plunging Surf 8 Ft. Plunging Surf
Maximum Slope 11.5% 13%
4
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Figure 3 — Kinetic Energy versus Craft Velocity
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MINIMUM STOPPING DISTANCE (CRUSH DEFLECTION) {iN)

25

15

10

CRAFT WEIGHT = 170 TONS
CRUSH FORCE ASSUMED CONSTANT

CRUSH FORCE = 50 KIPS

RUSH FORCE = 100 KIP:

CRUSH FORCE = 200 KIPS

|
10 20 30 40 50 60

IMPACT VELOCITY (IN/SEC)

Figure 4 ~ Minimum Crush Deflection versus Impact Valocity
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fenders on the LPD/LSD, As the craft makes contact with the well deck, the bumpers and
flexible skirt system deform, absorbing energy and modifving the JEFF rigid body motions.
In some cases, the deformation of the protective systems is high enough to allow contact of
the hard structure and the well deck entrance corner.

Deformation of the bumpers, pressurized skirt systems, and even the hard structure does

ik WWWWWWWWW% ety ullmgmmgﬁmw i

not necessarily result in degradation of craft performance. The extent of ¢the damage which
can be sustained without reduction of craft capabilities depends on the location and the

%%; amount of deformation. For example, if the hard structure deformation is elastic, the

i%% structure returns to its original condition and configuration following the impact. her-
%%g; more, if no operating equipment contacts the deflected structure, no degradation e

% equipment is likely. Even when plastic deformation occurs, the craft will still be ole of
§§ performing its mission provided (1) that the damage is not in a critical region where the

i

deflected structure interferes with the operation of the craft and (2) that the watertight
boundaries of the craft are not compromised. Plastic deformation of the hard structure is
certainly to be avoided, however: the JEFF must repeatedly dock with the LPD/LSD to per-
form its mission, and successive impacts in the same region could cause progressively greater
damage until the craft is finally disabled.

This study was concerned with the consequences of docking impacts. What are the craft
motions? Does structural damage occur and is it serious enough to disable the craft? How
extensive is the damage and how effective are the craft protection systems? What operational
method of docking will minimize impact damage?

The approach used in this study of craft vulnerability to impact was to analyze the dock-
ing process by using motions data available from small-scale, towed-model studies® and to
determine the lLikely forms and magnitudes of the collision parameters. Probable collision
locations, velocities. and craft orientations were analyzed, The prototype craft under con-
struction were chosen for analysis, namely, the Aerojet Corporation JEFF(A). and the Bell
Aerospace Corporation JEFF(B). The structural designs of the two craft were analyzed to
determine their load-deflection characteristics at potential impact points. The locations of
such critical items of equipment as turbines and fans were determined and allowable hard
structure deflections defined. The load-deflection characteristics of the skirt were defined on
the basis of cushion pressure and skirt shape. A computer program (CUSH) was written to
calculate the flexible skirt load deflection functions for various impact locations and yaw

angles.

3Anderson. S.R., “Study of Interaction between Mothership and Amphibious Air Cushion Vehicle during Loading or
Unloading,” NSRDC T&E Report 418-H01 (Feb 1971).




PN

R

Another computer program (DOCK) was written to calculate the rigid body motions of
the JEFF and the crush deflections resulting from a docking collision initiated at a specified
location and at a given initial velocity. The program is basically a three-degree-of-freedom,
rigid-body motions program, but local deflection at the point of contact is perraitted and the
loading on the craft is defined by the local deflection and load-deflection fuactions. Sliding
forces are defined as well as other forces which may develop, e.g., ferces from the craft-
handling system, secondary collision forces when another point on the YJEFF comes into con-
tact with the well deck sidewall, and bumper crush forces. These forces are all discussed in
some detail in following sections of the report. Many options are built into the computer
program to allow analysis of a number of impact conditions. Some of the options have not

con extensively used in this study, but they do enhance the value of the program as an
analytical tool.

This report documents and presents the scope of the study; it includes a description of
the mathematical models for the JEFF(A) and the JEFF(B), a development of the roll
analysis theory, and the results of the collision studies using computer program DOCK. A dis-
cussion of the docking collision vulnerability of the two JEFF craft is also presented together
with a general discussion of the types or well deck entrics least likely to cause damage.

SCOPE OF THE STUDY

It is clearly not feasible to investigate every possibility for collision when a JEFF craft
docks with an LPD/LSD. Instead, an attempt is made to cover the probable range of likely
collisions. These are listed in Tables 2 and 3 for the two configurations. Most well deck
entries will be made after a JEFF craft has returned from the landing zone following dis-
charge of carge and with all systems operational; many other forms of entry are possible,
however, and some of these are investigated. Cases studied include: two entry modes (on-
cushion and off-cushion), two di.placement modes (loaded and unloaded), and three types
of impact, namely, bow (single init.al contact location), side (three initial contact locations),
and rolled (single initial contact location).

The scope of the study is defined: bow and side impact, rolled impact. and multiple impact.

BOW AND SIDE IMPACT

Both bow and side collisions are possible; see Figure 5. Bow collision is defined as the
impact of the bow of the JEFF with the transom of the LPD/LSD. Side collision is defined
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TABLE 2 — DOCKING IMPACTS INVESTIGATED FOR
THE JEFF(A)

(The total number of cases dozs not equal the number of possible
combinations because not all parameters are varied independently)

Paramwter Cases No. Cases
Craft JEFF(A) 1
On-Cushion
Entry Mode 2
Cff-Cushion
Loaded
Displacement 2
Unloaded
n 1
Collision Location Bow {one location} |} yngte 4
Stde (three tocations) J Collision
Side Collision V = 60 in/sec
Velocity 2
Bow Collision V = 30 in/sec
Velocity Attack 6+0.5, 15 3
Angle, deg
8 = 0 (when ¢ £0) .
Yaw Angle, d
o Angle. 4oa 8-1.35
a=1 .5,
Rotled Impact (-‘de : 8
colhision only One Lozation, off-cushion 4

off-cushion) deg V = 20 in/sec
¢=90,6+#0
Total No. of Cases 200

TABLE 3 — DOCKING IMPACTS INVESTIGATED FOR
THE JTEF{(B)

(The total number of cases does not equal the number of possible
combinations because not all parameters are varied independently)

Parameter Cases No. Cases
Cratt JEFF(8) 1
On-Cushion
Entey Mode 2
Off-Cushion
Loaded
Displacement 2
Unloaded
Bow {one focation}
Collision Location Side (three locations) ‘m"::‘; 4
{OnCushion oniv}
Side Colliston V = 60 infsec
Velocity 2
Bow Collisign V = 30 'nfsec
Velocity Attack ©+0,5, 15 3
Argle, deg
Yow A 4 G = 0 {when 7 0) .
aw e,
ete. deg 0=135
. ax 1., 3, 5, B.deg 4
Rolled tmpact {side roll angles
collision only V = 20
off-cushion) d * 49 misec,
9 ¢=90,0#0deg

Totzl No of Cases

134




¥
\
5

RS

IMPACT LOCATION

BOW IMPACT IMPACT
LOCATION

_ e

SIDE IMPACT

Figure 5 — Definition of Bow and Side Collisions
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as impact of the side of the JEFF with tae weil deck entrance comer of the LPD/LSD.
Fenders on the transom of the LPD/LSD will reduce the severity of a bow collision and trans-
fonn most docking impacts to side collisions.

The mitial relative . Jlocities of the JEFF to the well deck were selected as reasonable
estimates of the expected impact velocitics; they are consistent with the encergy levels to which
the craft bumper system is designed. Since a bow collision necessarily involves more lateral
displacement of the JEFF from the LPD/LSD centerline than does a side collision, the mis-

o S e

alignment should be detectable early in the docking process and corrective mcasures, including
speed reduction, taken. At first, it might appear that off-cushion velocities should be lower,
but it must be remembered that the velocity associated with impact is total relative velocity
between the craft and the well deck. A craft in the displacement inode (off-cushion) is
perhaps even more susceptible to motion by wave action than when on-cushion.

The relative velocity vector is not necessarily aligned with the centeriine of the well deck.
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The “velocity attack angle™ describes the orientation of the relative velocity vector from the
well deck centerline orientation. Three velocity attack angies were chosen for study. 0, 5, and
15 deg. The last angle is probably somewhat extreme and the 5-deg orientation more common.

The orientation of the JEFF relative to the well deck is important, especially for side
collision impacts. The yaw angle defines the initial rotztion of the JEFF centerline relative to
that of the LPD/I SD. Four yaw angles were chosen {or investigation: 0. 1. 3, and 5 deg.

The 5-deg yaw is considered high and the 1- to 3-deg yaws more common,

The location of the point of initial impact influences the rigid pody motions of the craft
during collision since the location of the impact defines the structure involved and this, in
turn, defines the load-deflection function. Also, the location of the impact point relative to
the center of gravity (CG) of the JEFF is important in defining the degree of rigid body

O e e A R R

rotation durning collision.

Bow impacts were investigated for a singl initial point of impact. The athwartship
location of the bow impact point is just inboard of the outboard extremity of the hard
structure. Three initial impact locations were considered for side collision cases. Since a side
collision is more of a glancing impact, the possibilitics for the location of the point of initial
contact are more numerous. The three locations selected for side collision investigation were
(1) just aft of the bow, (2) just forward of the location of the CG, .and (3) midway between
these two locations. These three locations allowed a comparison of the influence of the

initial impact location.
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ROLLED IMPACT

Rolled inpact is the side collision irpact of an initially rolled JEFF. Such impacts are
potentially more damaging because less force is required to crush the JEFF structure at the
top of the framing than at the machirery deck (main deck) level (where most of the impact
loads are taken in the rest of the couision cas's). Figure 6 illustrates the basic structure and
framing of the two craft. The study investigated the ability of the craft to roll as a rigid
body under the range of impact loads possible at the tcp of the frame.

MULTIPLE IMPACT

One difference between the cases studied for the two configurations is that collisions
investigated for the JEFF(A) were single impact cases whereas motion was allowed to continue
for the JEFF(B) following the initial impact. In the JEFF(A) single impact cases, when the
point in contact with the well deck corner stopped crushing. the collision was considered
complete and the computes run terminated. Actually, the point in contact stops crushing
either (1) when all the energy in the normal direction has been avscrbed (as happens most
often in bow collisions) or (2) when a combination of absorbed energy and rigid body
rotation brings the normal velocity of the contact point 1o zero. When the latter happens,
the collision ends at the point of contact, but the remaining motion of the craft may carry it
on to collide at a later time with a different point on the craft, This is termed secondary
collision. The location of the secondary collision point is often near the last point of con-
tact, but it can sometimes be distant,

SCOPE SUMMARY

The full matrix of parameters investigated for the two configurations have been indicated
in Tables 2 and 3. The major difference is that off-cushion, side-collision entries were not
investigated for the JEFF(B) in order to extend the study to include rolled impact. Since the
two craft are very much alike, an adequate comparison of their impact vulnerability can be
achieved from the remainder of the cases investigated.

The combination of various opticns for each of the parameters investigated in the study
resulted in a total of 200 cases for the JEFF(A) and 134 cases for the JEFF(B). In addition,
another 132 cases were concerned with off-cushion side collisions where the bumper was
dominant and more realistically modeled.
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Obviously, this mountain of data cannot be totally presented in this report. Instead,
the basic results, trends, and important parametric influences have been extracted for
presentation. The remaining data have been cataloged and retained by the author and are
¢vailable for additional study.

COLLISION FORCES

Although the normal crush forces are defined by the load-deflection functions for the
initial point of contact, the surface forces are defined through a friction coefficient. Crush
forces are related to surface forces by

n

F =uF

S cr

where F‘s surface force

F

cr

n

crush force

u = coefficient of friction

Except for locations on the bumper, the coefficient of friction is assumed to be equal to 0.3.
This value may be somewhat high if the surface force is actually only sliding friction. How-
ever, when the cushion deflects, the corner of the well deck is partially imbedded in the -
deflected air bag and the longitudinal translation of the craft is resisted by higher forces as
the conformed skirt material is forced past the well deck comer. The magnitude of these
forces is not known. Several computer runs were made at varying coefficients of friction to
study their influence on crush deflections and rigid body motions. For bow collisions, it was
found that the coefficient of friction had little effect on either crush deflection or rigid body
motion. For side collisions, the friction coefficient had no effect on crush deflection, but it
did influence surge velocity. In a side collision, however, surge velocity is tangentional to the
impact surface rather than normal to it and therefore has little effect on impact damage.

Although the value of the friction coefficient selected is not important in defining crush
deflections or normal impact damage in a docking collision, it is important in determining the
likelihood of damage to the skirt system. The skirt drag forces increase in direct proportion
to the friction coefficient. When these forces exceed the shear or tension capability of the
skirt or skirt hinges, either the skirt tears or the hinges part. This type of damage is not
investigated here since insufficient data are available on the actual friction coefficient. The
friction forces resulting from a drag coefficient of 0.3 were calculated within the scope of this
study, however, and may prove useful in determining the vulnerability of the JEFF skirt
system,

15
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The friction coefficient on the surface of the bumper was defined as 0.1. When the
bumper deflects, it does so over its entire length. There is no differential detlection as with
skirt deflection and therefore no high drag when the well deck entrance comner is partially
imbedded in tne bumper. For this reason, the friction coefficient on the bumper was taken
to be less than that on the skirt system.

It should be noted that some combinations of the conditions investigated are not
operationally realistic. For example, in an off-cushion side collision with an initial yaw angle
of zero, the bumper would already have totally crushed when “initial”’ contact is described as
hard structure contact. It is certainly possible for the “initial conditions” to occur, but the
collision actually starts before the designated initial impact. Nonetheless, these investigations
are useful in that they allow a more complete determination of the role of other parameters
in impact damage prediction. In order to more realistically assess docking impact damage for
these initial conditions, however, a second set of computer runs were made wherein initial
contact on the bumper was defined where it would actually occur. Both sets of data are

reported.

ENERGY-ABSORBING BUMPERS

Bumpers are located on the bow and on the forward and aft portions of the side
structure. Figure 7 shows bumper location relative to the hard structure and the flexible
skirt system. Based on contractor data, the bumper is assumed to be 10 in. thick and capable
of crushing at a constant 50-kip crush force for 7.5 in. after a linear elastic range of 0.5 in.
After crushing to 8.0 in., the bumper is assumed to “bottom™ and its crush force is assumed
to rise linearly to that of the structure supporting it. The backup stiucture is assumed to be
capable of supporting the crushing bumper without plastic deformation. The bumper force
deflection profile is illustrated in Figure 8.

OPPOSITE CORNER IMPACT

Opposite corner collision (Figure 9) can also occur during the docking process. This
happens when the craft rotation is sufficient to cause the bow corner on the opposite side
from the collision contact point of the craft to contact the opposite wall of the well deck.
This means that for single impact cases, opposite corner contact occurs simultaneously with
impact on the collision side; it may occur separately for multiple impact cases where the JEFF
is allowed free flight between collision side impacts. Opposite corner collision was investigated

16
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